A simple method for the synthesis of phenazine and quinoxaline derivatives have been developed via a reaction of o-phenylenediamines and 1,2-dicarbonyl compounds or aryl glyoxals in the presence of lead dichloride in ethanol at room temperature. This method has many appealing attributes such as excellent yields, short reaction times, and simple work-up procedure.
INTRODUCTION
Phenazines and quinoxalines are important class of nitrogen heterocyclic compounds which they have significance both in chemistry and biology.
1,2
Many phenazine compounds are found in nature and they are produced by bacteria such as Pseudomonas spp., Streptomyces spp., and Pantoea agglomerans. These phenazine natural products have been implicated in the virulence and competitive fitness of producing organisms. 3, 4 Quinoxaline and phenazine derivatives constitute the basis of many insecticides, antitumors, fungicides, herbicides, and receptor antagonists. [5] [6] [7] [8] [9] Besides this, they are used in dyes 10 building blocks for the synthesis of organic semiconductors 11 chemically controllable switches 12 cavitands 13 DNA cleaving agents, 14 dehydroannulenes, 15 electrical-photochemical materials, [16] [17] [18] and inhibitor for the corrosion of mild steel. 19 A number of synthetic strategies have been developed for the preparation of substituted quinoxalines. 20 Some of the existing methods suffer from disadvantages such as unsatisfactory product yields, harsh conditions, long reactions time, and critical product isolation procedures.
RESULTS AND DISCUSSION
In continuation of our studies on synthesis of organic compounds, 21, 22 we have now found that the lead dichloride (PbCl 2 ) can be used as an efficient and inexpensive catalyst for the condensation of 1,2-dicarbonyl compounds 1-3 or aryl glyoxals 4-8 with o-phenylenediamines 10 at room temperature to afford novel and known phenazines and quinoxalines 11-18 in high yields (Scheme 1).
ethanol as by adding 20 mol% of the catalyst in a short time span of 25 minutes. The use of excess amounts of the catalyst does not show marked influence on product yield. Probably, the reason for this observation is the coordination of excessive catalyst to the diamine. For establishing the simple and suitable conditions to prepare of quinoxaline and phenazine derivatives using PbCl 2 as Lewis acid catalyst, the treatment of 4,4'-difluoro-benzil 1 with o-phenylene diamine 10a was chosen as a model reaction (Table 2 , Product 11a). Also, The Table 1 shows the obtained results for the several solvents which were tested in this experiment. It was observed that the condensation reaction can be efficiently carried out in Scheme 1: The synthesis of quinoxaline and phenazine derivatives by the use of PbCl 2 . In order to prove the general applicability of this method, after optimizing the reaction conditions, we have treated different 1,2-dicarbonyl compounds or aryl glyoxals with o-phenylenediamines at room temperature in ethanol. The results are summarized in Table 2 .
Although good to excellent yields of the products have been obtained at room temperature, the reaction rate may be altered by varying the substituents on o-phenylenediamines 10 and also choosing the different 1,2-dicarbonyl compounds 1-3 or aryl glyoxals 4-8. For example, as can be seen in Table  2 , electron-withdrawing group such as nitro on the diamine ring causes the reaction to proceed slowly (product 12c and 13c). Table 3 , In order to show the crude effect of PbCl 2 as a heterogeneous and efficient catalyst, some representative reactions were also performed in the absence of PbCl 2 . Generally, based on the obtained results, it can be concluded that in the absence of the catalyst, the reaction proceeds slowly. It is interesting to note that in this condensation reaction, 9,10-phenanthrene quinone 12 and acenaphtho quinone 13 are more active than the 4,4'-difluorobenzil 1. As can be seen in Scheme 2, as explanation of these rate differences, we believe that the steric and electronic effects can be key factors. In fact, benzil 1 adopts an S-trans (anti) conformer in usual form. Thus, as will be mentioned later (in suggested mechanism), for cyclocondensation of benzil 1 with o-phenylenediamines 10, benzil 1 should be rotated about C-C single bond to form the S-cis conformer as a favored transition state (Scheme 2, TS 1). Therefore, this lower activity observation of 1 than the other ones can be rationalized through the need to more activation energy of 1.
Scheme 2: Rotation about C-C single bond of benzil 1.
In the cases 9,10-phenanthrene quinone 12 and acenaphtho quinone 13, because of their rigid conformation (S-cis), the rotation about C-C single bond is not required. In fact, both 2 and 3 have favored conformation for condensing with o-phenylenediamines 10 (Scheme 3, TS 2).
Scheme 3:
Favored transition state for 12 and 13.
Although the generally mechanistic details of this reaction are not yet fully understood, a feasible pathway, as indicated in Scheme 4, might involves the chelation of the carbonyl oxygen of dicarbonyls by lead in the first step. The importance of this chelation is the activation of carbonyl for amine attack. Also, the lead as transition metal Lewis acid plays a complex role in promoting the dehydration steps. The irreversibility of the reaction implies that reaction product is thermodynamically stable. However, the driving force for all of these reactions is cycloaromatization.
Scheme 4: Suggested mechanism for the synthesis of phenazines and quinoxalines using PbCl 2 .
EXPERIMENTAL

General
The commercial starting materials were purchased from Merck, Fluka and Aldrich. The reactions were monitored by TLC (silica gel 60 F 254 , hexane/ AcOEt). IR spectra were recorded on a FT-IR Shimadzu-470 spectrometer and the 1 H NMR spectra were obtained on a Bruker-Instrument DPX-400 MHz Avance 2 model. The varioEl CHN Isfahan Industrial University was used for elemental analysis. All of the products (except novel compounds 14e-18e) were characterized by comparison of their spectra and physical data, with those reported in the literature.
23-28
3.2. General procedure A mixture of 1,2-dicarbonyl compound or aryl glyoxal (1 mmol), o-phenylenediamine (1.1 mmol) and lead dichloride( 20 mol%) in ethanol (5 mL) was stirred at room temperature. The progress of the reaction was monitored by TLC (hexane/AcOEt, 3:7). After the completion of the reaction, the solid which separated was filtered and then recrystallized from ethanol to afford pure product. 29, 143.27, 142.72, 141.81, 141.41, 133.45, 133.06, 132.87, 131.49, 131.45, 131.20, 131.07, 130.01, 129.10, 128.92, 127.29, 127.15, 123.95, 23.20 07, 184.81, 153.70, 143.74, 143.45, 141.05, 137.92, 137.38, 132.95, 132.84, 132.48, 132.18, 130.99, 130.75, 130.23, 129.94, 129.40, 128.58, 128.12, 126.69, 126.36, 123.01 19, 142.39, 137.60, 132.92, 131.10, 130.47, 130.59, 130.36, 129.78, 122.96; IR (KBr): ν 3050, 1610 , 1430 , 1300 .
Spectral data of some compounds
9-Methyl-acenaphtho[1,2-b]quinoxaline (13b):
1 H NMR (400 MHz, CDC1 3 ): δ 8.21 (t, 2H, J 6.4 Hz), 7.90 (dd, 3H, J 8.2 Hz, 3.2 Hz), 7.79 (s, 1H), 7.64 (t, 2H, J 7.4 Hz), 7.40 (dd, 1H, J 8.4, 1.6 Hz), 2.43 (s, 3H); 13 C NMR (100 MHz, CDC1 3 ): δ 155. 15, 154.44, 142.38, 140.82, 140.71, 137.35, 133.08, 132.44, 131.06, 130.46, 130.31, 130.21, 129.89, 129.72, 122.83, 122.68, 22.94 3.94; N, 7.82. Found: C, 83.46, H, 3.745, N, 7.607. 3-(2-Naphthyl)-7-benzoyl-quinoxaline (14e): 1 H NMR (400 MHz, CDCl 3 ): d 9.59 (s, 1H), 8.74 (s, 1H), 8.58 (s, 1H), 8.43 (dd, 1H, J 8.6, 1.6 Hz), 8.32 (s, 2H), 8.09-8.05 (m, 2H), 7.95-7.93 (m, 3H), 7.68 (t, 1H, J 7.6 Hz), 7.64-7.55 (m, 4H); 13 C NMR (100 MHz, CDCl 3 ): d 195.68, 153.21, 145.21, 144.58, 144.28, 140.63, 137.89, 137.18, 134.44, 133.56, 133.37, 132.95, 132.68, 132.39, 130.34, 130.18, 130.09, 129.25, 129.05, 128.57, 127.89, 127.70, 126.89, 124.41; IR (KBr): ν 3090, 1649 , 1309 Anal. Calcd for C 25 H 16 N 2 O: C, 83.31 cm -1 ; H, 4.47; N, 7.77. Found: C, 83.45, H, 4.40, N, 7. 81.
3-(3-Methoxyphenyl)-7-benzoyl-quinoxaline (15e):
1 H NMR (400 MHz, CDCl 3 ): d 9.42 (s, 1H), 8.52 (s, 1H), 8.292(s, 2H), 7.93 (d, 2H, J 7.2 Hz), 7.83 (t, 2H, J 7.6 Hz), 7.67 (d, 1H, J 7.6 Hz), 3H), 7.14 (dd, 1H, J 8, 2 Hz), 3.98 (s, 3H) ; 13 C NMR (CDCl3, 100 MHz): d 195.67, 160.44, 153.13, 144.51, 144.13, 140.72, 137.94, 137.65, 137.15, 132.90, 132.33, 130.32, 130.27, 130.17, 130.11, 128.56, 120.13, 116.88, 112.86, 55.54; IR (KBr) 47, 150.61, 149.09, 143.88, 143.57, 141.22, 138.79, 137.98, 136.93, 133.27, 133.08, 133.24, 130.79, 130.37, 130.24, 130.19, 128.63, 125.21, 122.68 195.63, 153.31, 144.41, 144.16, 140.63, 137.88, 137.12, 136.24, 132.89, 132.33, 130.82, 130.26, 130.16, 130.09, 129.30, 128.54, 127.77, 127.60 155.97, 147.77, 144, 140.41, 138.31, 137.08, 134.61, 134.07, 133.01, 132.38, 131.01, 130.67, 130.40, 130.23, 130.14, 128.90, 128.79, 128.60, 127.46, 126.89, 126.54, 125.46, 124.89 , 4.47; N, 7.77. Found: C, 82.63, H, 4.523, N, 6.903. 
CONCLUSION
In summary, we have presented a new application of lead dichloride (PbCl 2 ) as an effective and heterogeneous catalyst for the synthesis of many quinoxalines and phenazines based on the condensation of 1,2-dicarbonyl compounds with o-phenylenediamines under mild reaction conditions. Availability and stability of the catalyst, simple work-up procedure and the high yields, short reaction times, and mild reaction conditions make this method a valid contribution to the existing methodologies.
